Vegetative plants of Xanthium strumarium L. grown in long days were induced to flower by exposure to one or several 16-hour dark periods. The distribution of male and female inflorescences on the flowering shoot was described, and a scoring system was designed to assess the development of the female inflorescences. The time of movement of the floral stimulus out of the induced leaf and the timing of action of high temperature were shown to be similar for both the apical male and lateral female inflorescences.
Strong photoperiodic induction of the plants favored female sex expression, while maleness was enhanced by exogenous gibberellic acid. The problem of the control of sex expression in Xanthium is discussed in relation to the distribution pattern of male and female inflorescences on the flowering shoot and to the state of the meristem at the time of the arrival of the floral stimulus.
Flowering in the Chicago strain of Xanthium strumarium L., an absolute short-day plant, has been extensively investigated (16, 18) . However, most studies were devoted to the initiation and development of the terminal staminate inflorescence, and little is known about the formation of the lateral pistillate inflorescences. Their gross morphological and anatomical development has been described in a few studies (4, 8, 9, 12) , and fragmentary physiological aspects have been considered in some other reports (12, 13, 19, 20) .
The available information on factors that affect sex expression in cocklebur is also very scarce. Effects of photoperiod (12) and nutrition (13) have been described, and it was reported that exogenous GA3 decreased the male to female ratio in a dayneutral strain (21) .
The aim of the present work was to start a comparative physiological study of the initiation and development of the male and of the female inflorescences in the Chicago strain of cocklebur. Since GA is known generally to increase the tendency to maleness when applied to monoecious and dioecious plants (5), we also investigated the effect of GA3 on sex expression in Xanthium. Application of GA3. GA3 was applied in aqueous 0.3 mm solution by spraying the whole plants to run off with a hand atomizer. In preliminary experiments, this concentration was found to give the optimal effect on sex expression, and this application method was found to be superior to spraying only the sole, half-expanded leaf or treatment of the roots by watering or of the shoot apex by application with a small cotton plug. Control plants were sprayed with distilled H20. Tween 20 (polyoxyethylene-sorbitan monolaurate; 0.1%) was present in all solutions as surfactant.
Recording Methods. The main axis and side axes of the plant were considered. The side axes were numbered acropetally from the induced leaf (Fig. 1) . On the basis of the sex of the terminal inflorescence of the side axes, the whole flowering shoot can be divided into three zones ( Fig. 1 In studies of initiation and development of the female inflorescence, the terminal bud of the side axes 8 and 9, which generally produced a pistillate inflorescence, were dissected 40 days after the start of the inductive treatment, and the floral stage was classified according to the scale described in Figure 2 and Table   I . For comparison, the terminal staminate bud of the main axis was also dissected at the same time, and the floral stage was classified according to Salisbury (15) .
In experiments on sex expression, the production of male and female inflorescences by each plant was recorded 2 months after the start of the inductive treatment. The subtending leafjust before induction (see "Growth Conditions"). A primordium was classified as male (d) when it had reached stage 3 on Salisbury's scale and female (9) when it had reached stage 1 on the scale in Figure 2 . To avoid confusion between stage O of the female scale and stages 0, 1, and 2 of the male scale, all primordia at these stages were classified as undifferentiated (as far as sex expression is concerned). As opposed to these meristems, all male and female primordia of higher stages were referred to as differentiated inflorescences.
RESULTS

Initiation and Development of the Female Inflorescence
Scale for the Female Inflorescence. A scoring system was designed to assess the development of the pistillate inflorescence. To establish this scale of flowering, we followed the development of the terminal bud of side axes 8 and 9. The stages of development of the pistillate inflorescence of Xanthium are described in Table  I and illustrated in Figure 2 . The floral stage was a linear function of time after induction; it was also positively correlated with the degree of induction (3).
Translocation ofthe Floral Stimulus. The timing of export of the stimulus for female flowering from the induced leaf was done by cutting the base of petioles at successive intervals following completion of a single 16-h inductive night. After 8 h, sufficient stimulus had left the induced leaf to permit a flowering response in the terminal buds of side axes 8 and 9 (Fig. 3) Table I ).
(35 C) for 8 h. This did not damage the plants but strongly inhibited induction of both male and female inflorescences (Fig.  4) . The initiation of the apical staminate inflorescence was completely inhibited by high temperature treatment during the second half of the long night and nearly so by treatment during the first half. At other times, the inhibitory effect of high temperature was far less marked. The initiation of pistillate inflorescences was inhibited in the same way as, and even more strongly than, that of the apical male inflorescence. The inhibition was complete when the high temperature was given at any time during the long night.
Sex Expression
Effect of the Number of Photoinductive Cycles. Increasing the number of inductive long nights from 1 to 8 reduced the total number of meristems per plant and the proportion of undifferentiated meristems but markedly enhanced the proportion of female inflorescences (Table II) . Sex expression in plants kept under inductive conditions until the end of the experiment (40 inductive cycles) did not differ from that in plants subjected to eight inductive cycles, probably because after eight cycles all floral meristems were determined male or female. Effect of GA3. Different batches of plants were sprayed with 0.3 mM GA3 once at different times before or after a single inductive night.
The total number of meristems per plant was enhanced by the GA3 treatment (Table III) . This increase was associated with additional nodes on the main axis ( Fig. 5) and also on the side axes as shown below. The number of nodes on the main stem was increased when GA3 was applied before the long night or within the first 2 days following it (Fig. 5) whereas the total number of meristems was affected by GA treatment given until 8 days after the end of the long night (Table III) . This different time dependence indicates that the production of additional nodes by the terminal meristem of the main axis ceases before that by the terminal meristems of the side axes. GA3 also enhanced the proportion of male inflorescences per plant. This effect was apparent after applications from 4 days before to 8 days after the inductive dark period, but it was not apparent after later applications (Table III) . In response to the hormonal treatment, several plants developed terminal staminate inflorescence on all side axes. The earlier the treatment, the greater the proportion of such plants (Fig. 6) .
Concomitant with the enhanced maleness, plants treated with GA3 2 to 4 days before or 2 to 6 days after the long night produced an increased proportion of undifferentiated meristems, indicating that the enhanced maleness may be attributed, at least partly, to less effective induction.
A careful analysis of the effect of the timing of the GA3 treatment on the number of side axes, separately in the three zones of the flowering shoot as defined in Figure 1, (1) .
The translocation pattern of the floral stimulus for the male apical meristem is consistent with previous results (7, 17) . identical stimulus-or an identical last-moving component-is involved in the initiation of both kinds of inflorescences.
Application of high temperature at different times before, during, or after the inductive dark period does not allow us to discriminate between the processes involved in the initiation of the terminal male inflorescence and those involved in that of female inflorescences. The time course of the action of heat on male flowering is consistent with previous observations in Xanthium (10, 17) , except that in the present experiment there is a strong inhibitory action of the high temperature treatment given during the first half of the inductive long night.
Exogenous GA3 affects sex expression in Xanthium by enhancing the tendency to maleness, as in a number of other monoecious and dioecious species. This result differs from that of Von Witsch (21) who reported that femaleness was promoted by GA3 application in a day-neutral line of Xanthium. The reasons for this discrepancy are unknown. A promotive effect of GA3 on the development of the male inflorescence in Xanthium was previously reported (2, 6) . The question arises is to how sex expression is controlled in Xanthium. Based on our observations that conditions that promote flowering in this species also increase femaleness (Table II) , one possibility is that a balance between two different substances at the level of each individual meristem is the critical factor. One substance whose production increases with the degree of induction (i.e. the floral stimulus or one of its components) favors femaleness; the other substance, which might be a gibberellin, enhances maleness. The most important problem encountered with this concept is that it cannot be used to interpret the pattern of distribution of male and female inflorescences, as shown in Figure 1 . It does not explain, e.g. why the terminal meristem of the main axis always develops into a male inflorescence, although this meristem is expected to receive the most floral stimulus. It is established that the dominant apical bud drains most assimilates moving in the plant (1 1) and that the floral stimulus moves with the assimilates (22) .
Another possibility is that the critical factor in sex determination
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is the state of the meristem at the time of the arrival of the floral stimulus. Parker and Borthwick (14) and Lance (9) 
